A total of 460 Neisseria gonorrhoeae isolates from patients seen at three clinics in Dakar, Seneigal, 1982Seneigal, -1986, have been investigated. In this period a significant change in antimicrobial susceptibility was observed: the percentage of strains susceptible to penicillin (MIC < 0-08 pg/ml) fell from 61 to 18 (p < 0-0001) and the percentage of resistant strains (MIC > 1-2 pg/ml) increased from 18 to 46. Among penicillin-resistant strains the proportion of penicillinase-producing strains (PPNG) was fairly constant (range 35-55%). The determination of susceptibility to antimicrobial agents performed locally allowed detection of approximately all PPNG strains whereas the increase in the occurrence of strains with chromosomally determined resistance was not revealed. The study comprised 70 PPNG strains of which 19% (13/70) carried the 7-4 kb Asian plasmid and 81% (57/70) the 5-3 kb African plasmid. None of these strains possessed the 38 kb conjugative plasmid, whereas it was found in 4-5% of the 376 non-PPNG strains available for plasmid analysis; 92% (410/446) of all strains had the small 4-2 kb plasmid and 5 4% (24/446) did not contain any plasmid.
Introduction
In many countries the management of gonorrhoea and other sexually transmitted diseases is based on syndrome related treatment algorithms.' An important measure to prevent spread of strains resistant to antibiotics currently in use is a continuous or sentinel surveillance of the in vitro antimicrobial susceptibility of recent clinical isolates of N. gonorrhoeae."
The antimicrobial resistance of N. gonorrhoeae is rapidly changing, especially in areas where inefficient standard treatment regimens are applied.4"
The aim of the present study was to describe the evolution in antimicrobial resistance of N. gonorrhoeae in Dakar during the period [1982] [1983] [1984] [1985] [1986] and to recommend methods suitable for local surveillance of antimicrobial resistance of N. gonorrhoeae.
The first part of the study was carried through in 1981-1983, during which period procedures for isolation, identification, transport and storage of N. gonorrhoeae was established at the Institut Pasteur in Dakar. 6 It was in this context that the first penicillinase-producing N. gonorrhoeae (PPNG) strain was found in Dakar in 1981.7 Materials and methods Neisseria gonorrhoeae strains All gonococcal strains studied were isolated from patients attending three clinics in Dakar, Senegal, 1982 Senegal, -1986 Clinic A: The outpatients' clinic at the Institut Pasteur. The majority of patients of both sexes are Africans from lower or middle socio-economic classes. Clinic B: military personnel, all young European men.
Clinic C: The outpatients' clinic at "Service de Dermatologie de l'Institut d'Hygiene Sociale". Only a few patients attending this clinic were included, except in 1984 when a larger group of female prostitutes were examined.
All isolates were identified, tested for penicillinase (,B-lactamase) production and, except for 1982 strains, a preliminary antibiogram was determined in Dakar. The isolates were lyophilised and sent to the Institut Pasteur -in Paris.
At the Laboratoire des Neisseria, Institut Pasteur, Paris, the auxotypes were determined according to Catlin8 and plasmid analysis was performed on all PPNG strains. The strains were re-lyophilised and approximately 100 strains per year were sent to the Neisseria Department, Statens Seruminstitut, Copenhagen. All strains received at this laboratory were subjected to determination of susceptibility to antimicrobial agents and plasmid analysis (see below).
Antimicrobial susceptibility testing Each strain was examined for susceptibility to penicillin, tetracycline and cefotaxime by the agar plate dilution method.9 The concentrations of antibiotics using two-fold dilution steps were as follows: sodium penicillin G: 0-01-96 pg/ml; tetracycline hydrochloride: 0-125-32,g/ml; cefotaxime: 0-00025-1 024,g/ml.
In addition, the susceptibility to penicillin, tetracycline, spectinomycin and thiamphenicol was determined by the agar disc diffusion test using 20 hours pre-diffusion. 4 The disc content was: penicillin: 2-4 jug; tetracycline: 10,g; spectinomycin: 100,g; thiamphenicol: 30 pg. The production of /3-lactamase was determined by the chromogenic cephalosporin test.'°The WHO N. gonorrhoeae reference strains A-D were included on each experimental day (22 experiments Susceptibility to tetracycline A comparison of results obtained by the agar plate dilution method and the agar disc diffusion test using a disc containing 10 pg tetracycline hydrochloride was also performed. There was a strong correlation between the results obtained by the two methods (r = -087); 32% (149/458) were susceptible, 58% (265/458) were less susceptible (MIC = 1-0-4-0 pg/ml) and 10% (44/458) were resistant (MIC > 8-0 ug/ml) to tetracycline. For non-PPNG strains there was a strong correlation between MICs of penicillin and of tetracycline (r = 0 80). Susceptible (zone diameter > 41 mm) and resistant (zone diameter < 30 mm) strains were clearly recognised by means of the agar disc diffusion test. If these findings are used as a basis for definition ofthree levels of susceptibility to tetracycline by means of the agar disc diffusion test, it was found that 83 out of 458 strains or 18% showed a one-level discrepancy when a comparison with the corresponding MIC levels was made.
Susceptibility to cefotaxime There was a strong correlation between MICs of penicillin and cefotaxime of non-PPNG strains (r = 0-94). The MIC of cefoxatime was within the range 0-005-0-512 Mg/ml; out of the 86 CMRNG strains 32 (37%) showed a MIC of cefotaxime of 0-064 pg/ml and 24 (28%) showed a MIC of cefotaxime of 0-128 Mg/ml or greater. The corresponding numbers (percentages) of the 70 PPNG strains were 4 (6%) and 3 (4%), respectively. (49/57) of PPNG strains carrying the 5-3 kb plasmid bility to were auxotype zero and 69% (9/13) of PPNG strains carrying the 7-4 kb plasmid were proline-requiring. rginine-Arginine-requiring and arginine-plus prolinee same requiring strains were uncommon, and only one of .nicillin, these strains contained the 5-3 kb plasmid. areas the PPNG strains had emerged earlier, probCorrelation between plasmid content and susceptibility to penicillin The distribution according to susceptibility to penicillin for non-PPNG strains containing none (N = 24), the 4 2 kb (N = 326) or the 11-8 kb (N = 3) cryptic plasmids'4 or the 4-2 plus the 11 -8 kb plasmids (N = 6) were similar (table 5). Strains containing the 38 kb conjugative plasmid alone (N = 9) were more susceptible to penicillin than those carrying the small cryptic plasmid (4 2 kb) alone (p = 0-002) whereas those strains carrying both plasmids (N = 8) are more often CMRNG (p = 0-028). and, in addition, around 40% contained the 38 kb transfer plasmid; these strains were auxotype zero (wild type) or proline-requiring, tetracyclineresistant, and epidemologically linked to the Far East. Since then, the P-lactamase-coding plasmids have spread among different gonococcal auxotypes and among strains with different antimicrobial susceptibility patterns;"' the 38 kb transfer plasmid has been found also in strains carrying the 5-3 kb plasmid and in varying proportions of non-PPNG strains. The spread of ,B-lactamase-coding plasmids seems to be independent of the presence of the 38 kb plasmid, and this latter plasmid has spread rapidly in certain gonococcal populations.2"
In Dakar the predominant type of PPNG during the period 1982-1986 was auxotype zero carrying the 5-3 kb plasmid, of which one carried the 38 kb plasmid. Overall, auxotype zero (53%) and prolinerequiring (28%) strains were predominant, and strains that required arginine or arginine as well as proline were uncommon (4% and 6%, respectively). The 38 kb plasmid was detected in a few strains every year and showed no tendency to spread; in total, this plasmid was only found in 4 5% of the non-PPNG strains studied. This finding is in contrast to the results of a contemporary study, in which the prevalence of the 38 kb plasmid in isolates from Greenland was found to increase from 0% to 70% (Reimann K and Lind I: unpublished data), Knapp has reported on a similar rapid spread in some areas of the U.S.A.2"
The spread of penicillin-resistant non-PPNG (CMRNG) strains in Africa has not been studied as closely as the spread of PPNG. In the report from Gabon,"7 the percentage of isolates for which the MIC of tetracycline was greater than 1 ug/ml increased from 5% in 1981 or 1984 to 28% in 1985; this finding may reflect an increased importation of CMRNG strains, for example from the Far East, although the MIC of penicillin for 90% of isolates passed from 2 Mg/ml in 1981 to 0-5 Mg/ml in 1985. In our study, a significant change in antimicrobial susceptibility of non-PPNG-strains was observed: the percentage of CMRNG strains increased from 12 in 1982 to 31 in 1986, and the percentage of susceptible strains fell from 66 to 22 (p < 0-0001). The possibility of detecting these changes by antimicrobial susceptibility testing performed locally was assessed. The local performance allowed detection of approximately all PPNG strains, whereas the increase in the occurrence of strains with chromosomally determined resistance was not revealed. In retrospect, details of the agar disc diffusion test used, conditions for storage of discs, definitions used for the designations r (resistance) versus s (susceptible), etc. could not be cleared up adequately. It is considered most likely that inappropriate storage conditions of the penicillincontaining discs were the reason why a high proportion of CMRNG strains remained unrecognised.
In the reference laboratory in Copenhagen, the results obtained by the agar plate dilution method and by agar disc diffusion tests were in agreement, and both methods allowed a current assessment of changes in antimicrobial pattern. Each of the 22 experiments included the WHO N. gonorrhoeae reference strains A-E. Strain E is a PPNG. There was a strong correlation between MIC and zone diameter, and the four different levels of penicillin susceptibility defined by the reference strains A-D could be identified by both methods without any overlapping. The study from Gabon included the WHO reference strains A-E in each series of MIC determinations (14 experiments) . The different levels of susceptibility to penicillin (and other antibiotics) were correctly identified, and only 4-2% (14 of336) of the determinations differed by more than one dilution from the median. Therefore, the above-mentioned results obtained in two studies of African strains are directly comparable and provide an example of the benefit of using reference strains.
In general, disc diffusion tests are performed without pre-diffusion, that is, without establishing a concentration gradient of the antibiotic into the medium before inoculation; regarding fl-lactam antibiotics and tetracycline, discs with higher contents than those employed in the present study are commercially available and therefore most often used. Under these conditions, the differences between diameters of inhibition zones for susceptible, less susceptible and resistant strains decrease, especially ifthe medium is unfavourable to growth ofgonococci (Lind I and Bentzon M W: unpublished data). If the observed differences for the reference strains are less than the expected day-to-day variation, the disc diffusion test is of no use. When classification into three groups is made on the basis of results obtained by two The recent comprehensive study from the USA2" on the standardisation of antimicrobial susceptibility testing of N. gonorrhoeae focuses on lot to lot variations for commercially available discs (one high content disc per antibiotic) and for components ofthe media, and on the stability of antibiotics in agar plates. The interpretive criteria recommended for the agar disc diffusion test were derived from results using high content discs and are thus not comparable with those obtained in the present study. The importance of the choice of medium for the antimicrobial susceptibility testing of N. gonorrhoeae has also been emphasised by Gill and Ison,2' who included the WHO as well as other reference strains in their study.
As discussed by Judson,2" the guidelines "Antibiotic-Resistant Strains of Neisseria gonorrhoeae, Policy Guidelines for Detection, Management, and Control" published by Centers for Disease Control in the USA26 present extremely complex and detailed recommendations which in certain cases lack supporting data. This is also true for the section on determination of antimicrobial susceptibility. Reservations on recommendations based on limited data are clearly stated in the preamble of the recommendations. For that reason, the obvious discrepancies between our conclusions and those from the CDC will not be discussed in detail.
Our study has confirmed that the use of welldefined reference strains is a valuable tool in the standardisation of antimicrobial susceptibility testing of gonococci. It has 'also shown that it is possible to identify accurately the various levels of antibiotic susceptibility of N. gonorrhoeae by means 
